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SUMMARY

The threshold combinations of interference-fit and remote loading required to initiate
yield in a half-plane containing a bonded disc of the same material are evaluated analytically.
Comprehensive tabular data are given over the full range of ratio of hole edge distance to
hole radius, together with graphical presentations for selected cases.
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NOMENCLATURE

distance from hole centre to plate boundary (free edge)
Young’s modulus

non-dimensionalising parameter [= EA/2 for plane stress]
radius from hole centre to point z

radius of hole

remote stress applied at infinity

Cartesian coordinates

yield stress

location of point under consideration

angle at hole centre between x axis and point z
radial interference/R

polar stresses, radial and circumferential

polar shear stress




1. INTRODUCTION

It has been shown that the edge distance of a hole in a semi-infinite plate containing a bonded
interference-fit disc has a marked influence on the resulting local stress field.! In particular, the
stress maxima and minima and their locations are not obvious, and although not difficult to
identify, they do require evaluation for each specific case. Similarly, the location of the point(s)
in the plate from which yield will spread, whether from interference-fitting alone or in combination
with remote loading, is not known in advance.

In this report the initiation of yield in terms of both interference-fit and remote loading
parameters is evaluated over the full range of edge distance ratios, i.e. from a/R =1 to
a/R = oo.

2. STRESSES

The elastic stresses in a half-plane, Fig. 1, arising from a bonded interference-fit disc of the
same material are2:

g\ _ R g APB LR 0
<079/q)| BRI oy )
and
- MR2

where the subscript (1) refers to interference-fitting,
A = 2a+rcos 8,

B =rsin 0,

and

L sin 26 sin 36
(M) - {2‘443(/42—32)-“”(3"2‘” 2)](cos 29) +'B(3A2—Bz)(cos 39)
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In a plate containing a bonded neat-fit insert of the same material, the elastic stresses arising
from remote loading alone are simply those in a similar plate without a hole. In terms of the
present polar notation the stresses arising are:

(rrig)s = (S/q) sin% 8 “)

(d0/9)s = (S/q) cos? 6 %)
and

(r8/q)s = (S/q) sin 8 cos 6 (6)

where the subscript (s) refers to remote loading.




Algebraic summing of like components above provides the stresses acting at any point in
the plate under the actions of both interference-fit and remote loading. For example,

rrlg = (rrlq)y+ (r/q)s.

3. INITIATION OF YIELD

Plane stress conditions are assumed in this analysis. For non-principal stresses, the von Mises
yield criterion is:

Fr 00 —rr B0 +3 102 = Y2
or _
(rriq )2 +(90/92 —(rr/q)68/9)+ 3ré/q)? -(¥iq)? - 0. %

Substitution of (1)+(4), (2)+(5) and (3)+(6) into (7) gives

(S/gP+(S/g)b+c (Yq) =0 (8)
where
b = (rrig)(3 sin% 0 — 1) + (gg/g)(3 cos? f - 1)+ 3(ry ¢), sin 20
and
¢ = (rrlg) 2+ (go/gn2 — (Friq)igolgh + 3y, q) 2.

It is convenient for later presentations to rewri. (8) in terms of the non-dimensional para-
meters S/ Y and A/(Y/E). Since, for plane stress, ¢ = EA/2, Ref 2. (8) becomes:

§2+/\bS+c A 2170
Y YIE2 Y 4\ Y/E o

This equation can be solved readily for ecither parameter:

S_ b0 (EY ] .
vy~ vE4? ()I) 4) 4t @
A Sb o [(S\](b\: 4] 4
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Thus. for given geometry (6. b and ¢) and material ( Y/E) the combination of interference and
remote loads to initiate yield at any point in either the plate (or the disc*) may be calculated from
(9 and (10). There is a problem, however, in that, in general, the location of the point of yield
initiation is not known in advance. This means that yield initiation at various locations must
be evaluated so that the threshold combinations of interference-fit and remote loading to initiate
yield can be identified.

Yielding occurs in the plate either on the free edge or at the hole interface. Along the free
edge both normal and shear stresses vanish so that the location of the maximum tangential stress
on the free edge becomes that of initial yield: this point is invariably? at the origin, Fig. 1.
Around the hole interface the points of initial yicld are both geometry and load dependent and

or

* A check on the loadings required to initiate yield in the disc reveals that, in the presence of
interference-fit stresses, these always exceed thosc required to initiate yield in the plate: yield
is always initiated first in the plate (provided the yield stress of the disc is of the same order as
or greater than that of the plate).




must be identified by numerical evaluation. A comparison of the conditions causing yield on
each of the two boundaries determines at which location yield first occurs.

Before examining the general case of both interference-fit and remote loading, it is useful
to consider the separate cases where one or the other loading parameter is absent.

(a) No remote loading
In this case
S/Y=0

and (10) becomes :

MYIE) = 2//e. n

Equation (11) has been evatuated on the free edge at the origin* and around the hole for several
values of a/R. Figure 2 shows that at values of a/R up to 1-45 yielding occurs first at the origin :
beyond this value it occurs first at the hole. The lower graph shows the location of yielding
around the hole, again as a function of @/R. The valid region of this graph is for a/R > 1-45
only, so that with increasing a/R yielding around the hole occurs first at 6 = 131° when
a/R = 1-45, 6 asymptoting slowly towards 90° for larger a/R. Notice that yield never initiates
first at the hole adjacent to the free edge (6 = 180°) when remote loading is absent.

(b) No interference fit (neat-fit insert)

In this case
M(Y/E)=0
and (9) becomes :
S/Y = +1 (12)

and thus general yielding occurs throughout both plate and disc. The situation is simply uni-
axial tensile or compressive yield of the half plane.

(c) Combined interference-fit and remote loading

The situation has been outlined above. Evaluation of (9) and (10) on the free edge at the
origin is straightforward. However, around the hole, the location of yield initiation is unknown,
and thus (9) and (10) have been evaluated at 0-1 degree intervals for representative a/R to dis-
cover those combinations of the loading parameters which initiate yield.

There are three main non-dimensional parameters involved in defining the location of
yielding around the hole: one geometric and two loading parameters, together with the angle 6.
These data are given in Table | and in Figs 3, 4 and 5, where in each case two of the parameters
are varied while the third is maintained constant. One of these graphs (Fig. 4) also allows the
various  regimes to be seen.

Figure 3 is a generalisation of Figure 2 to include lines of constant S/ Y. Those sections
of the lines which are invalid (because of prior yielding elsewhere) have been omitted. This
graph shows that under positive remote loading yield initiates at the hole at about a/R = 1-5
irrespective of the value of S/ Y, whereas under negative loading the situation is rather different.

* At the origin (11) simplifies to
M(Y/E) = Ha/R)¥1—S/Y).
3




S/ Y becomes negative the changeover a/R value (from initial yield at the free edge to yield
hole) decreases until, for S/ Y < ~0-4508, yield initiates always at the hole.

§$ behaviour can be seen more clearly in Fig. 4, where S/} is plotted against a, R for
{ Y/E). This delineates clearly the regions of initial yield, whether at the edge or at

95 > 0 > 90"
# = 90
0 < 90°

At high a R, @ becomes 90 for negative S; ¥ and 180 for positive S }. Although for low
a R an accurate description is difficult, the same statement is approximately correct. The com-
bination of the loading parameters S; Y and A/( }/E) to cause the initiation of yield at the hole
is almost independent of a; R — the main influence of « R is in determining when the focation of
yicld changes from the free edge to the hole interfuce. For ¢/R greater than 1-5187 yield initiates
at the hole, irrespective of the magnitude of the remote loading.

This insensitivity of the parameter ¢ R (except for its fowest values) in relation to the com-
binations of loading parameters which initiate viclding can also be seen in Figs 5(a) and S(b),
where SV is plotted against A/( V. E) for constant «, R. Figure 5¢th) shows that, for a given inter-
ference, some plates of finite ¢, R can even sustain slightly higher positive values of S} (but
reduced negative values) than can an infinite plate before yielding oceurs.  The situation for
negative S/ Y conforms more to expectation.

For a, R greater than |-5187. where yield initiates always at the hole, the maximum value
of interference to initiate yield (refer to Fig. 5) is found where (9) becomes single valued. By
equating the radical to zero, the non-dimensional interference is given by :

MYEY -= 2 de—b2 (13)
This must be maximised with respect to 0, after which, again from (9):
S;Y = - [MY/IE)b/4). (14)

The maxima from (13) and (14) together with the corresponding values of ¢ are listed as
the final entries for each value of a/R in Table 1.

4. CONCLUSIONS

Under the actions of both interference-fit and remote loading suflicient to initiate yicld,
a half-plane containing a bonded insert of the same material exhibits the following characteristics.

1. The location of the point(s) of yield initiation is dependent upon the hole cdge distance
geometry, and the combinations of interference-fit and remote loading parameters.

* The positions of the dotted lines in Fig. 4 are approximate only.

4




2. For edge distance ratios (a/R) greater than 1-5187, and for remote to yield stress ratios
(S/Y) of less than —0-4505, yield always initiates at the hole interface. In the region
where a/R is less than 1-5187 and S/Y is greater than —0-4505 yield initiates either at
the hole or at the free edge adjacent to the hole, depending upon interference-fit and
remote loading.

3. At very high a/R, yielding initiates at the hole at the point nearest to the free edge
(8 = 180°) for positive S/Y and at the point # = 90" for negative S/Y: the same is
also approximately true for lower values of a/R where yielding occurs at the hole inter-

face.
REFERENCES
1. Richardson, M.K. Interface stresses in a half plane containing an elastic disk of the
same material. J. Appl. Mech., vol. 36, March 1969, pp. 128-130.
2. Jost, G. S. and Elastic response of a half-plane to a bonded interference-fit
Carey, R. P. disc of the same material. Dept. Defence, Aeronaut. Res. Labs.

Structures Report 406, July 1984.




TABLE 1:

a/R=i,0

2 (Y/E) s/Y
0.0000 1.0000
0.0500 0.9000
0.1000 0.8000
0.1500 0.7000
0,2000 0.6000
0.2500 0. 5000
0.3000 0.4000
0.35%0 0.3000
0.4000 0.2000
0.4500 0.1300
0.5000 0.0000
0.5500 ~0.1000
G.6000 -0.2000
0.6500 -~0.3000
0.7000 ~0.4000
0.7252  ~0.450%

a/R=i.1

A (v/e) s/Y
0.0000 1.0000
0.0500 0.9174
0.1000 0.8347
0.150G 0.7521
0.2000 0.6694
0.2500 0.3368
0.3000 0.5041
0.3500 0.4215
0.4000 0.3388
0.4500 0.2562
0.5000 0.1736
0.5500 0.0%09
0.6000 0.0083
0.6500 ~0.0744
0.7000 ~0.1570
0.7500 -0.2397
0.8000 ~0.3223
0.8143 ~0.3459

a/Rel.2

A/(¥/e) s/Y
0.0000 1.0000
0.0500 0.9306
0,1000 0.8611
0.1500 0.7917
0.2000 0.7222
0,2500 0.6528
0.3000 0.5833
0.3500 6.5139
0.4000 0.4444
0.4500 0.3750
0.5000 0.3056
0.5500 0.2361
0,6000 0.1667
0.6500 0.0972
0.7000 0.0270
0.7500 ~0.0417
0.8000 ~-0.1l11
0.8500 -0.1806
0.8968 -~0.2456
*

THETA

180.0
180.0
180.0
180.0
180.0
180.0

s/
=1.0000
-0.9670
~0.933)
~0.8989
~0.8638
-0.8281
~0.791¢
~0.7545
=0.7166
-0.6779
~0.6385
=0.5%83
~0.5573
=0.51%)
~0.4725

s/Y
~1.0000
~0.9657
-0.9306
~0.8949
-0.8584
-0.8213
=0.7834
~0.7448
-0.7055
~0.6654
~0.6245
~0.5827
=~0,5401
~0.4965
=~0.4520
~0.4064
~0.3595

s/t
-1.0000
-0.9647
-0.9287
-0.8920
-0.8546
~0.8164
—0.7776
~0.7380
-0.6977
—0.6565
~0.6146
-0.5718
-0.5282
-0.4836
~0.4380
=0.3913
~0.3434
-0.2938

THETA

86,5
86.7
86.8
86.9
87.1
87.3
a.s
87.7
81.9
88,2
88.5
88.9
89.3
89.8

THETA

87.3
81.4
87.3%
87.7
87.9
88.1
88.3
88.5
88.8
89.1
89.4
89.8
90.3
90.9
91.6
92.6

8.9
88.0
88,1
88.3
88.5
88.7
88.9
89.1
89.4
89,7
90.1

N.0
9%2.6
92.4
93.4
94.8

a/R=1.3

M (Y/E)
0.0000
0.0500
0.1000
0.1%00
0.2000
0.2500
0.3000

0.9000
0.9500
0.9716

a/Ret. 4

A (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6%500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0329

8/Re},5

M (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.0540

s/Y
1.0000
0.9408
0.8817
0.8225
0.2633
0.7041
0.6450
0.5858
0.5266
0.4675
0.4083
0.3491
0.2899
0.2308
0.1716
0.1124
0.0533
=0.0059
~0.0651
—0.1243
~0.1498

s/Y
1.0000
0.9490
0.8980
0.8469
0.7959
0.7449
0.6939
0.6429
0.5918
0.5408
0.4898
0.438A8
0.3878
0.3367
0.2857
0.2347
0.1837
0.1327
0.0816
0.0306
=0.0204
~0.0539

s/y
1.0000
0.9556
0.9111
0.8667
0.8222
0.7778
0.7313
0.6889
0.6444
0.6000
0.5556
0.5111
0,4665
0,4213
0.3759
0,3305
0,2849
0,2392
0.1933
0. 1474
0.1013
0.0370
0.0081

THETA

EDGE
EDGE

THETA

Simultaneous initiation of yield at edge and hole.

s/y
=1.0000
~0.9640
=0.9273
-0.8899
~0.8
ol 14t
-0.773%
-0.7332
=0.6922
-0.6504
-0.6078
~0.5644
~0.5201
-0.4749
=0.4287
—~0.3814
~0.3329
-0.2828
~0.2308
~0.17%&

s/Y
=1.0000
~0.9635
-0.9262
~0.8883
—0.8498
-0.810%
~0.7705
-0.7298
~0.6883
—0.6461
~0.6031
~0.5593
—0.5147
—0.4691
—0.422¢6
=0.3751
—0.3263
~0.2762
=0.2241
~0.1691
~0.1076

s/Y
=1.0000
=-0.9631
-0.9255
~0,8872
—0.8483
~0.8087
~0.76R4
—0,7274
~0.6856
<0.6432
~0.5999
-0.5559
0.5t
~0.4654
—0.4187
-0.3711
—0.3224
~0.2723
=0.220%
—0.1662
~0.1067
~0.0190

INTERFERENCE-FIT AND REMOTE LOADING COMBINATIONS TO
INITIATE YIELD

THETA

88.7
88.8
88.9
89.1
89.2
89.4
89.6
89.8
90.1
90.3
90.7
91.1
9.5
92.1
92.9
91.8
95.2
97.1
100.4
106.9

THETA

88,9
89.0
89,2
89.3
89.4
89.6
89.8
90.0
90.2
90.3%
90.8
91.1
9l.6
92.1
92.8
93.7
94.9
96.7
99.6
105. 4
icd.8




TABLE 1:

a/R=1.6

N(Y/E) s/t
0.0000 1.0000
0.0500 0.9580
0.1000 0.9158
0.1500 0.873%
Q.2000 0.8309
0.2500 0.788)3
0.3000 0.7455
0.35%¢0 0.7026
0.4000 0.6595
0.4500 0.6162
0.5000 0.5728
0.5500 0.5292
0.6000 0.4855
0.6500 0.4416
0.7000 0.3976
0.7500 0.3534
0.8000 0.3091
0.R5%00 0,2646
0.90n0 0.2199
0.9500 0.1751
1.0000 0.1301
1.0500 0.0730
1.0642 0.0200

a/Ral,?

MOUE) s/Y
0.0000 1.0000
0.0500 0.9592
0., 1009 0. 9181
0.1500 0.8769
0.2000 0.835%5%
0.2500 0.7%939
0.3000 0.7%22
9.13%0 0.7102
Q. 4000 0.6681
04500 0.6258
0.5000 0.5833
Q. 95500 0.5406
G.60U0 0.4977
0.6500 0.4546
0.7000 0.4114
0.7500 0.3679
0.8000 0.3243
0.8500 0.12804
0.9000 0,264
0.9%00 0.1922
1.0000 0.1477
1.0500 0.0964
1.0742 0.0277

a/Rel.8

W(YIE) s/Y
0.0000 1.0000
0.0500 0.9600
0.1000 0.9197
06.1500 0.8793
0.2000 ..8386
0.2500 0.7978
0.3000 0.7567
0.3500 0.71%
0.400C 0.6739
0.4500 0.6322
0.5000 0.5%902
0.5%00 0.5481
0.6000 0.50%7
0.6500 0,463
0.7090 0.420)
0.7%00 0.377)
0.8000 0.3360
0.8500 0.2905
0.8000 0.2468
0.9500 0.2028
1.0000 0.1596
1.0500 0.1114
1.08)5 0.0151

(Cont)

THETA

180.0
180.0
180.0
180.0
.80.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
148.5
132.3

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
i80.0
180.0
180.0
1B0.0
180.0
180.0
180.0
180.0
180.0
1%4.0
132.5

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
1R0.0
1A0,0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
18G.0
199.5
12,6

S/Y
-1 .0000
-0.9628
~0.9250
-0.886%5
—0.8473
~0.8074
-0.7669
-0.7257
~0.6838
~0.6412
~0.5978
~0.5537
~0.5007
~0.4630
~0.4163
~0,3688
-0.3201
~0.2702
~0.2189
~0.1653
~0.1076
~0.0344

S/Y
~1.0000
~0.9626
—1.9246
~0.8859
~0.8465
~0, 8066
-0.7659%
—0.7246
~0.6825
~.6398
~0.5964
~0.5522
-0.5073
~0.4615
-0.4149
-0.3674
~0.3190
~0.2694
~0.2184
~0. 1655
~1.1094
~1.043)

SIY
=1.0000
~0.962%
-0.924)
~1. 8895
~0.B460
~0.80%9
~0.7652
~0.7238
~0.6817
~01, 6390
~0.599%
~0.5513
~0.5064%
~0, 4607
Iy
~(1, 3668
~0.)185%
~0.2092
~0.2186
~0.16b4%
~0.0LL6
~0,0497

THETA

89.1
89.2
89.4
8%.5
89.6
89.8
89.9
90.1
90.3
90.5
90.8
91.2
91.6
92.0
92.7
93.5
94.6
96.2
9R.7
103.6
il6.9

THETA

89.3
89.4
89,5
89.6
89.7
89.9
90.0
9C.2
9u.4
90.6
90.8
9.1
91.5
9.9
92,5
93.2
95.2
95.6
97.8
102.0
112.4

THETA

89.4
89.5
9.6
a49.7
89.8
89.9
90.14
90.2
90,4
90.6
90.8
9t.1
S1.4
91.8
92.3
92.9
91.8
95.0
97.0
100,35
1n9.0

a/R=).9

M(Y/E)
0.0000
0.0500
0.1000

0.9000
0.9500
1.0000
L.0y30
1.0919

a/Re2.0

M (Y/E)
0.0000
0.0%500
0. 1000
0.1500
0.2000
0.2500
0. 3000
0.3500
0.4000
U.4500
0.5000
0.5500
0.6000
0.6500
4.7000
0.7500
0,8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.0993

a/R=2.1

M AY/EY
Q.0000
0.0500
0.1000
0. 1500
0.2000
0.2500
0.3000
0.3500
0.,4000
G.4500
0.5000
0.5500
0.60067
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
Q.4500
1.0000
1.0500
1.1000
1.1058

s/

1.0000
0.9606
0.9209
0.8810
0.8408
0.8004
0.7598
0.7190
0.6779
0.6365
0.5949
0.5531
0.5110
0.4687
0.4262
0.3833
0.3403
0.2969
0.2533
0.2095
0.1653
0.1204
0.0373

s/

1.0000
0.9610
0.9217
0.8822
0.8624
0.8023
0.7620
0.7215
0.6806
3.6395
0.5982
0.5569%
0.5146
0.4225
0.4300
0.3873
0.3443

050
0.2574
¢.2136
0.1694
0.1249
0.0372

S/Y
1.0000
0.9613
0.923
0.8811
0.8413%
0.8037
0.7636
0.7232
0.6826
0.6416
0.6004
0.5589
0.5171
0.4750
0.4326
0.3899
0.3469
0.3036
0.2599
0.2160
0.7
n.1271
0.0676
0,0396

THETA

180.0
180.0
180.0
180.0
180.0
180.0
1800
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
183.0
180.0
180.0
166.2
132.8

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180,0
180.9
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
183.0
180.0
180.0
TR0
L3310

THETA

180, 0
180.0
180.0
180.0
180.0
i80.0
180.0
180.0
1R0.0
180.0
180,40
180.0
1RO.0
180.0
1800
180.0
181.0
180.0
1RO.0
18000
180.0
bas.l
133.1

s/Y
=1.0000
~0.9623
~0.9241
-0.8R52
~1.8456
~0.8055
~0.7647
~0.7233
-0.6812
-0.6384
~0.5950
~0.5508
~0.5059
~0.4603
. 4119
~0.3667
-0.13186
~0.2695
-0.2193
~0.1676
~0.1138
-0.0548

S/Y
—1.0000
—(1.9623
~0.9239
~0.B850
—0.8454
—0.8052
=0,7b44
—-0.7229
-0.6R08
-0.6381
~0.5%47
~0.5%06
—~0.5058
~0. 4602
~0.4140
~0.3669
~0.3189
~0.2701
=0.2202
~0.1690
1160
—-0.0990

S/Y
-1.0000
~0.9622
~0.9238
~0.8848
—0.8492
~0.80%)
~0.7642
~0.7227
~0.6806
~0.6379
—0.5%46
~0.550%

. 5058
-4 4603
-0.4142
-0.3672
-4, 195
-0.270%
-0.2212
~0.170%
~0.11R0
~.0625

0.0106

THETA

89.5
89.6
89.7
89.8
89.9
93.0
90,1
90.2
90,4
90.6
90.8
9.0
91.3
91.6
92.1
92.6
93.4
94.5
96.2
99.3
106.3

THETA

89.6
89.7
89.8
R9.8
89.9
90.0
9u.1

90.2
9.4
9.5
90,7
90.9
91.2
91.5
9.9
92.4
93.1

94.0
95.6
9R.2

104.1

THETA

89.7
89.7
B9.8
89.9
89.9
90.0
qoi,
90.2
n. 4
90,5
.7
9.9
91,1
91.4
91.7
92.2
32.8
93.6
95.0
97.3
102.3
121.3




TABLE 1:
a/Rn2,2
a(y/e) s/Y
0.0000 1.0000
0.0300 0.9615
0.1000 0.9228
0.1500 0.8837
0.2000 0.844)3
0.2500 0.8047
0.3000 06.7647
0.3500 0.7245
0.4000 0.6839
0.4500 0.6/31
0.5000 0.6019
0.5500 0.5605
0.6000 0.5187
0.6500 0.4766
0.7000 0.4342
0.7500 0.3915
0.8000 0,485
0.8500 0.3051
0.9000 0.2614
0.9500 0.2173
1.0000 0.1729
1.0500 0.1282
1.1000 0.0766
1.1115 0.0404
s/R=2.3
A/ (Y/E) s/
@.0000 1.0000
0.0500 0.9617
0.1000 0.9231
0.1500 0.8842
0.2000 0.8450
0.2500 0.8054
0.3000 0.7656
0.3500 0.7254
0.4000 0.6849
0.4500 0.6441
0.5000 0.6030
G.5500 0,5616
0.6000 0.5198
0.6500 0.4777
0.7000 0.435)
0.7500 0.3925
0.8000 0.349%
0.8500 0.3059
0.9000 0.2621
0.9500 0.2179
1.0000 0.1734
1.0500 0.1285
1.1000 0.0808
1.1164 0.0375
a/Re2.4
/ey s/y
0.0000 1.0000
0.0500 0.9613
0.1000 0.9234
0.1500 0.8845
0.2000 0.8454
0.2500 0.8060
0.3000 0.7662
0.3500 Q9.7261
0.4000 0.6856
0.4500 0.6449
0.5000 0.6018
0.5300 0.962)
0.6000 0.5208
0.6500 0.4784
0.7000 0.4359
0.75%00 0.390
Q.8000 Q.3499
0.8300 0.3063
0.9000 0.2624
0.9%00 0.2184
1.0000 0.173%
1.0%00 0.128)
1.1000 0.0822
1.1207 0.036%

(Cont)

180.0

133.2

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
157.4
133.4

180.0

180.0
180.0
180.0
180.0
164.2
133.5

s/
-1.0000
-0.9622
~0.9237
~0.8847
-0.8451
-0.8049
~0.7640
~0.7226
~0.6806
-0.6379
~0.5946
~0,5506
~0.5059
~0.4606
~0.4145
-0.3677
~0.3201
-0.2717
~0.222)
-0.119
~0.1200
—0.0656

0.0001

s/Y
-1.0000
-0.9621
-0.92¥
-0.8846
-0.8450
~0.8048
~0.7640
-0.7226
-0.6805
~0.6379
-0.5%46
~0.5507
-0.5062
-~0.4609
~0.4150
-0.3683
-0.3208
~0.2726
-0.2235
~0.1733
-0.1219
~0.0683
~0.0067

s/Y
-1.0000
-0.9621
~0.9236
~0.8A46
~0.8450
~0.8048
~0.7640
~0.7226
-0.6806
-0.6380
-0.5948
-0.5509
~0. 3064
-0.4613
~0.4154
~0.3689
-0.3216
-0,273%
~0.2245
-0.1747
-0.123%
~0.0707
~0.0113

THETA

8.7
89.8
89,8
89.9
90.0
90.0
90.1
90.2
90.3
90.3
90.6
90.8
91.0
91.2
91.6
92.0
92.5
93.3
94.4
96.5
100.8
116.1

THETA

89.8
89.8
89.9
89.9
90.0
90.1
90.1
90.2
90.3
90.4
90,6
90.7
90.9
91.1
91.4
9.8
92.3
92.9
94.0
95.8
99.5
112.4

89.8
89.8
89.9
89.9
90.0
90.1
90.1
90.12
90.3
90. 4

90.7
90.8
$1.0
91.)
9.6
92.0
92.7
93.6
95.2
98.9%
109, 4

. :1IllIllllIlllllllllllllllllllIlllllllllIllllllIllllllll|||lIlll|lll|l|l||l..|||||||l|Ill.lllll.....lll.lll.ll.

8/R=2,5

M (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.13500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1244

a/R=2.6
A/ (Y/E)

0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1. 1000
1.1276

a/Re2.7

M(Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0,2500
0.3000
0,3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0,7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1304

s/Y
1.0000
0.9519
0.9236
0.8848
0.8458
0.8064
0.7666
0.7266
0.6861
0.6454
0.6043
0.5628
0.5210
0.4788
0.4363
0.3934
0.3501
0,3064
0.2624
0.2179
¢.1731
0.1278
0.0821
0.0359

s/Y

1,0000
0.9620
0.9237
0.8350
0.8460
0.8067
0.7670
0.7269
0.6865
0.6457
0.6046
0.5631
0.5213
0.4790
0.4364
0.3934
0.3501
0.3063
0.2621
0.2175
0.1725
0.1271
0.0812
0.0344

s/Y
1.0000
0.9621
0.9238
0.8852
0.8462
0.8069
0.7672
0.7272
0.6867
0.6460
0.6048
0.5633
0.5214
0.4791
0.4364
0.3934
0.3499
0. 3060
0.2818
0.2170
0.1719
0.1263
0.080)
0.0126

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
1R0.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
176.4
133.6

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180,0
180.0
180.0
180.0
180,0
180.0
180.0
180.0
180.0
180.0
133.8

5/Y
=1.0000"
~0.9621
~0.9236
~0.8846
-0.8449
~0.8048
~0.7640
-0.7226
—0,6807
—0.6381
~0,5950
-0.5512
~0.5067
~0.4617
~0.4159
~0.3695
-0.322)
~0.2744
—0.2256
-0.1760
~0.1252
~0.0728
-0.0158

s/Y

-1.0000
~0.9621
~0.9236
~0.8845
~0.8449
~0.8048
~0.7640
-0.7227
-0.6808
-0.6383
~0.5952
~0.5514

~0.5071

~0.4621

~0.4164
-0.3701

-0.3230
-0.2752
~0.2266
—0.1772
~0.1267
~0.0748
-0.0191

s/Y
~1.0000
~0.9621
~0.92136
~0.8846
~0.8450
~0.8048
-0.7641
~0.7228
~0.6809
~0.6384
-0.5954
~0.5517
~0.5074&
~0.4625
~0.4169
~0.3707
-0.3237
~0.2761
~0.2276
~0.1783
-0.1281
-0.076%
-0.0219

THETA

89.8
89.9
89.9
90.0
90.0
90.1
90.1
90.2
90.3
90.4
90.5
90.6
90.8
90.9
91.2
91.5
91.9
92.4
93.2
94.6
97.6
107.0

THETA

89.8
89.9
89.9
.0
90.0
90.1
90.1
90.2
90.3
90.3
90. 4
90.6
90.7
90.9
91.1
91.3
91.7
92.2
92.9
94.2
96.8
105.1

THETA

89.9
89.9
89.9
90.0
90.0
90.1
90.1
90.2
90.2
90.3
90.4
90.5
90.6
90.8
91.0
91.2
91.5
92.0
92.7
93.8
96.1
103.4

.



TABLE 1:
a/R=2,8
N(Y/E) s/Y
0.0000 1.0000
0.0500  0.9621
0.1000  0.9239
0.1500  0.8853
0.2000  0.8464
0.2500  0,8071
0.3000  0.7674
0.3500  0.7273
0.4000  0.6869
0.4500  0.6461
0.5000  0.6049
0.5500  0.5634
0.6000  0.5214
0.6500  0.4791
0.7000  0.4364
0.7500  0.3932
0.8000  0.3497
0.8500  0.3057
0.9000  0.261)
0.9500 0.2165
1.0000  0.1712
1.0500  0.1254
1.1000  0.0792
1.1329  0.0336
a/R=2.9
A (Y/E) s/
0.0000  1.0000
0.0500  0.9622
0.1000  0.9240
0.1500  0.8854
0,2000  0.8465
0.2500  0.8072
0.3000  0.7675
0.3500 0.7275
0.4000  0.6870
0.4500  0.6462
0.5000  0.6050
0.550  0.5634
0.6000  0.5214
0.6500  0.4790
0.7000  0.4362
0.7500  0.3930
0.8000  0.3494
0.8500  0.3053
0.9000  0.2608
0.9500  0.2158
1.0000  0.1704
1.0500  0.1245
1.1000  0.0782
1.1350 0,034
a/k=3.0
A (Y/E) s/
0.0000  1.0000
0.0500  0.9622
0.1000  0.9240
0.1500  0.8855
0.2000 0.8466
0.2500 0.807)
0.3000  0.7676
0.3500 0.7275
0.4000 0.6871
0.4500  0.6462
0.5000  0.60%0
0.9500  0.5634
0.6000  0,5213
0.6500  0.4789
0.7000  0.4360
0.7500  0.3927
0.8000  0.3430
0.8500  0.3049
0.9000 0.2603
0.9%00  0.21%2
1.0000  0.1697
§.0%0  0.12%
1.1000 0.01m
1.1369  0.0291

(Cont)

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
133.8

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
133.9

s/y
~1.0000
~0.9621
~0.9236
=-0.8846
~0.8450
~0.8048
~0.7641
~0.722%
~0.6810
~0.6386
~0.5956
~0.5520
~0.5077
-0.4629
-0.4174
~0.312
~0.3244
~0.2768
~0.2285
~0.1794
~0.1294
-0.0781
~0.0243

s/Y

~1.0000
~0.9621

~0.9235
~0.8846
~0.8450
-0.804%
~0.7642
~0.7230
~0.6812
~0.6388
~0.5958
~0.5522

~0.5081

~0.4613

~0.4179
~0.3718
-0.3250
~0.2776
~0.2294
-0.1804

=0.1306
~0.079¢
~0.0264

s/Y
=1.0000
~0.9621
~0.9236
—0.8846
=0.8450
~0.8049
~0.7643
=0.7231
~0.6813
~0.6389
~0.5960
~0.5525
~0.50R4
~0,4637
—0.4183
~0.3723
=0.3157
~0.2783
-0.2302
~0.1814
~0.1317
~0.0809
~0.0282

THETA

89.9
89.9
89.9
90.0
90.0
90.1
90.1
90.2
90.2
90.3
90.4
90.5
90.6
90.7
90.9
9.1
9.4
91.8
92.4
93.4
95.5
102.0

THETA

89.9
89.9
90.0
90.0
90.0
90.1
90.1
90.2
90.2
$0.3
90.3
90.4
90.5
90.7
90.8
91.0
91.3
91.7
92.2
93.1
95.0
100.8

THETA

89.9
89.9
90.0
90.0
90.0
90.1
90.1
90.1
90.2
90.3
90.3
90.4
90.5
90.6
90.7
90.9
91.2
91.%
92.0
92.9
94.6
99.7

a/Re3, |

M (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7600
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1386

a/R=3.2

M(Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
t.1000
1.1401

a/Re),)

A (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3g00
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0,9500
1.0000
1.0%00
1.1000
1.1414

0.0761
0.0296

s/Y

1.0000
0.9623
0.9241
0.8856
0.8467
0.8074
0.7677
0.7278
0.6871
0.6462
0.6049
0.5632
0.5211
0.4785
0.4356
0.3921
0.13483
0.3040
0.2592
0.2139
0.1682
0.1219
0.07%2
0.0270

s/Y
1.0000
0.962)
0.9242
0.8856
0.84067
0.8074
0.7677
0.7276
0.6871
0.6462
0.6049
0.56131
0.5209
0.478)
0.43%)
0.3918
0.3479
0.303%
0.2586
0.1
0.1675
0.1211
0.0742
0.0244

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180,0
180.0
180.0
180.0
180,0
180,0
180.0
180.0
180.0
180.0
180,0
180.0
180.0
13,0

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180,90
180.0
180.0
180.0
180.0
180.0
180,0
180.0
180.0
180.0
i80.0
180.0
13,1

s/Y
=1 .0000
~0.9621
~0.9236
~0.8846
~0.8451
~0.8050
~0.7644
-0.721)
~0.68i6
—0.6393
~0.5964
—0.5530
1. 5090
~0.4644
~0.4192
~0.3713
~0.3268
~0.2796
-0.2317
~0.1831
~0.1336
-0.0833
-0.03113

s/Y

=1.0000
~0.9621

~0.923
~0.8846
~0.8451

~0.8051
~0.7665
-0.723
~0.6817
~0.61394
~0.5966
~0.553)
-0.5093
~0.4b47
~0.4196
~0.3738
~0.327)
~0.2802
~0.2324
~0.1839
~0.1345
~0.0843
~0.0326

THETA

89.9
89.9
90.0
%0.0
90.0
90.1
90.1
90.1
90.2
30.2
90.3
90.4
90.%
9.6
90.7
90.9
91.1
9l1.4
9i.8
92.6
94.2
93.8

THETA

89.9
89.9
90.0
9G.0
90.0
90. 1
9.1
90.1
90.2
90.2
90.3
90.3
90.4
90.5
90.6
90.8
91.0
91.3
91.7
92.4
93.8
98.0

THETA

89.9
90.0
90.0
90.0
90.0
90.1

90.1

80.1
90.2
90.2
90.3
90.3
90.4
90.5%
90.6
90.7
90.9
$1.2
9.6
92.2
91.5
7.3




TABLE 1:
a/Re3, 4
A/(Y/E) s/y
0,0000 1.0000
0.0500 0.9623
0.1000  0.9242
0.1500  0.8857
0.2000 0.8468
0.2500  0.8075
0.3000  0.7677
0.3500 0.7276
0.4000 0.6871
0.4500  0.6461
0.5000  0.6048
0.5500 0.5630
0.6000  0.5208
0.6500 0.4781
0.7000 0.4351
0.7500  0.3915
0.8000  0.3475
0.8500 0.3031
0.9000 0.2581
0.9500 0.2127
1.0000  0.1668
£.0500  0.1203
1.1000  0.0733
1.1425  0.0246
a/Re3.$
A (Y/E) s/Y
0.0000 1.0000
0.0500 0.9623
0.1000  0.9242
0.1500 0.8857
0.2000 0.8468
0.2500  0.8075
0.3000  0.7677
0.3500 0.7276
0.4000 0.6871
0.4500 0.6461
0.5000 0.6047
0.5500 0.5629
0.6000  0.5206
0.6500 0.4779
0.7000 0.4348
0.7500 0.3912
0.8000 0.3472
0.8500 0.3026
0.3000 0.2376
0,950  0.2i21
1.0000  0.1661
1.0500  0.1196
1.1000 0.0725
1.1635  0.0219
a/R=3.6
M(Y/E) s/Y
0.0000 1.0000
0.05%00 0.9623
0.1000  0.9242
0.1500  0.88s7
0.2000  0.8468
0.2500 0.8075
0.3000  0.7677
0.3500 0.7276
0.4000 0.6870
0.4500 0.6460
0.5000 0.6046
0.5500  0.%628
0.6000 0.520%
0.6500 .47
0.7000 0.4346
0.7500 0.3%909
0.8000  0.3468
0.8500 0.3022
0.9000 0.251
0.9300 0.2116
1.0000  0.185%
1.0500 0.1189
1.,1000  0.0717
1.1443 0.0220

(Cont)

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
160.0
180.0
180.0
180.0
180.0
180.0
180.0
134.2

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
134.3

s/Y
~1.0000
~0.9621
~0.9236
~0.8847
=0.8452
~0.8051
=0.7646
~0.7235
-0.6818
~0.6396
~0.5968
~0.9535
~0.5096
=0.4651
~0.4199
-0.3742
~0.3278
~0.2808
~0.2330
~0.1846
~0.1354
~0.0853
~0.0338

s/Y
-1.0000
~0.9621
~0.9237
~0.8847
~0.8452
~0.8052
~0.7646
~0.7236
-0.6819
~0.6397
~0.5970
~0.5537
-0.5098
~0.4654
=0.4203
~0.3746
-0,3283
~0.281)
~0.2336
-0, 185)
~0.1361
~0.0861
~0.0349

THETA

9.9
%0.0
90.0
90.0
90.0
90.0
90.1
50.1
90.1
90.2
90.2
90.3
90.4
90.4
90.5
90.7
90.8
9.1
9.4
92.0
93.2
96.7

THETA

89.9
90.0
90.0
90.0
90.0
90.0
90.4
90.1
90.1
90.2
90.2
90.3
90.3
90.4
90.5
90.6
90.8
91.0
91.)
91.9
93.0
96.2

THETA

rhbmNm==000000
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&/Re3.7

A (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000

a/R=3.8

N/ (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2300
0.3000
0.3500
0,4000
0.4500
0.5000
0.5500
0.6000
0.6500

1.1000
1.1460

a/R=1.9

A/ (Y/E)
0.0000
6.0500
0.1000
0,1500
0.2000
0,2500
0.3000
0.3500
0.4000
0.4500
0.5000
0,5500
0.6000
0.6500
0.7000
0.7500
0,8000
0,8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1467

S/

1.0000
0.9623
0.9242
0.88%7
0.8468
0.8075
0.7677
0.7276
0.6870
0.6460
0.6045
0.5626
0.5203
0.4775
0.434)
0.3906
0.3465
0.3018
0.2567
0.2110
0.1649
0.1182
0.0709
0.0222

s/Y
1.0000
0.9623
0.9242
0.8857
0.8468
0.8075
0.7677
0.7275
0.6869
0.6459
0.6044
0.5625
0.5202
0.4774
0.4341
0.3904
0. 3461
0.3014
0.2562
0.2105
0.1643
0.117%
0.0702
0.0193

0.0194

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
134.3

THETA

180.0
180.0

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
1344

THETA

180.0

180.0
180.0
180.0

180.0
180.0

s/Y
=1.0000
-0.9621
~0.9237
-0.8847
~0.8453
~0.805)
~0.7648
~0.7237
-0.6822
~0.6400
~0.5974
~0.5541
~0.5103
~0.4659
~0.4209
~0,3753
~0. 3291
=0.2823
~0.2347
~0.1865
~0.1375
-0.0877
~0.0369

s/Y

=1.0000
~0.9621
~0.9237
~0.8848
~0.845)
=0.8053
~0.7648
~0.7238
~0.6823
~0.6402
~0.5975
~0.5543
=0.5105
~0.4662

~0.4212
~0.3757
~0.3295
-0.2827
-0.2352

-~0.1870
~0.1381

-0.0885

~0.0377

s/Y
-~1.0000
~0.9621
~0.92%
~0.8848
~0.845)
0,805
=0.7649
=-0.72)»
~0.6824
~0.640)
~0.5977
~0.5%45
~0.5107
~0. 4664
~0.4215%
~0.3760
~0.3299
~0.2831
~0.2357
~0.1876
-0.1
~0.0R891
~0.0383

THETA

OO P O WD OO0
00.89.0.0000
N == O0O0 OO0

91.6
92.%
95.2

THETA

90.0
90.0
90.0
$0.0
90.0
90.0
90.1

90.1

90.1

90.1

90.2
90.2
90.3
90.3
90.4
90.5
90.6
90.8
9.1

91.5
9233
94.8

THETA

90.0
90.0
90.0
90.0
%0.0
90.0
90.1
90.1
90.1
90.1
90.2
90.2
90.2
90.3
0.4
90.3%
90.6
90.?
91.0
9.4
92.2
9.3




TABLE

a/R=4.0

A (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0,2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.73%00
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
b.1473

a/R=4.2

A (Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4300
0.5000
0.5500
0.6000
0.6500
0,.7000
0.7500
0.8000
0.8500
0.9000
0.9%00
1.0000
1.09500
1.1000
1.148)

a/Rmi 4

M(Y/E)

0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4300
0.3000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0%00
1.1000
1,1492

1: (Cont)
S/t THETA
1.0000
0.9623  180.0
0.9242  180.0
0.8857  180.0
0.8468  180.0
0.8074  180.0
0.7677  180.0
0.7275  180.0
0.6868  180.0
0.6457 1800
0.6042  180.0
0.5623  180.0
0.5199  180.0
0.4770  180.0
0.433  180.0
0.3898  180.0
0.3455  180.0
0.3007  180.0
0.255%  180.0
0.209%  180.0
0.1633  180.0
0.1163  180.0
0.0689  180.0
0.019 1346
S/Y  THETA
1.0000
0.9623  180.0
0.9242  180.0
0.8857  180.0
0.8468  180.0
0.8076  180.0
0.7676  180.0
0.7274  180.0
0.6867  180.0
0.645%6  180.0
0.6040  180.0
0.5620  180.0
0.5196  180.0
0.4766  180.0
0.4332  180.0
0.3893  180.0
0.3450  180.0
0.3001  180.0
0.2547  180.0
0.2088  180.0
0.162  180.0
0.1153  180.0
0.0677 180.0
0.0165 1345
S/Y  THETA
1.0000
0.9623  180.0
0.9242  180.0
0.8857  180.0
0.8468  180.0
0.8074  180.0
0.7676  180.0
0.7273  180.0
0.6866  180.0
0.6453 180.0
0.6039  180.0
0.5618  180.0
0.5193  180.0
0.4763  180.0
0.4129 186,
0.3889  180.0
0.3445  180.0
0.299%  180.0
0.2540 180.0
0.2080 180.0
0.1515  180.0
0.1143  180.0
0.0666  180.0
0.0166 134.5

s/Y
=1.0000
~0.962)
-0.92%
~0.8848
~0.8454
~0.8054
—0.7650
~0.7240
~0.6825
~0.6404
~0.5978
~0.5547
~0.5109
=0.4666
~0.4218
~0.376)
=0.3302
~0.2835
~0.2361
-0, 1881
~0.1393
-0.0898
-0.039)

s/
~1.0000
—0.962t
-0.923
~0.0848
~0.8454
—0.80%%
=0.7651
=0.724)
~0.6R26
~0.6406
-0,%98)
~0.55%
~0.5113
~0.4671
~0.422)
~0.3769
~0.3%08
~0,2842
-0.2369
=0.18%0
~0.1401
~0.0%09
~0.0408

s/t

~1.0000
—0.962}

—0.9238
~0.8849
~0.8455
—0.8056
~0.7652

~0.7243
—0.6828
-0.6408
—0.598)
-~0.955%2
—0.3116
~0.4675
—0.4227
—0.3774
0.1
—0.2848
~0.2376
-0.1898
~0,164)2
-0.0919
-0.0417

THETA

90.0
90.0
90.0
90.0
90.0
90.0
90,1
90.1
90.1
90.1
90.2
90.2
90.2
90.3
90.)
90.4
90.5
90.7
90.9
91.)
92.0
94.2

THETA

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.1%
90.1
90,1
90.1
90.2
90.2
90.2
90.3
90.4
90.5
90.6
90.8
91.1
91.8
9.5

THETA

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.1
90.1
90.1
90.1
90.1
90,2
90.2
90.3
90.3
90.4
90.5
90,7
91.0
91.3%
93.2

a/Rad.6

M(Y/E)
0.0000
0.0500
0.1000
0.1500
0.2000
0.2500
0.3600
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1499

a/Reb,8

MA(Y/E)
0.0000
U.0500
0.1000
0.15%00
0.2000
0.2%00
9.3000
043500
0.4000
0.4500
0.5000
0.55%0
0.6000
0.6%00
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1500
1.1505

a/Re5.0

N (Y/E)
0.0000
0.0500
0.1000
0.1500
0.,2000
0.2500
0.3000
0.3560
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1500
1.1510

s$/x
1.0000
0.9623
0.9242
0.8857
0.8467
0.8073
0.7675
0.7272
0.6865
0.6453
0.6037
0.5616
0.5191
0.4760
0.4325
0.3885
0.3440
0.2990
0.2534
0.2073
0.1607
0.1135
0.0657
0.0136

s/Y
1.0000
0.9623
0.9242
0.88%7
0.8467
0.8073
0.7675
0.7272
0.6884
0.6452
0.6036
0.5614
0.5188
0.4758
0.4322
0.388)
0.3436
0.2945%
0.2529
0.2067
0. 1500
0.1127
0.0648
U.0154
0.01135

s/y
1.0000
0.9623
0.9242
0.8857
0.8467
0.8073
0.7674
0.72N
0.6861
0.6451
0.6034
0.5613
0.5186
0.4755
0.41319
0.3878
0.3432
0.2981
0.2524
0.2062
0. 1594
g.1120
0.0641
0.0152
0.01135

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
186.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
134.6

THETA

i80.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
147.0
134.6

THETA

180.0
180,0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
15%.1
134.6

s/Y
~1.0000
~0.9621
-0.9238
—-0.8R49
~0.8455
~0.8057
~0.7653
~0.7244
~0.6830
—0.6410
-~0.5985
~0,5555
~0.5119
~0.4678
~0.4231
~0.3778
~0.3319
-0.2854
~0.2383
~0.1905
~0.1420
~0.0928
~0.0427

S/y
=1.0000
~0.9621
~0.9238
—0.8849
—0.84%6
~0.8057
~0.7654
—~0.7245
~3.6831
~0.6412
-0.5987
—0.5557
~0.5122
~0.4681
~0.423%
~0.3782
-0.332¢4
=0.285¢%
—0.2388
-0.1911
~U.1427
—.0936
—0.04)6

4.0106

s/Y
=1.0000
—0.9622
—0.9238
-0.885%
~0.8456
-0.80%8
~0.7654
—~0.7246
—0.6832
~0.6413
—0.5989
—0.555%
—0.5124
—0.4684
—0.4238
-0.3786
-0.3328
~0.2064
~0.2393
~0.1917
~0.143)
~0.0941
—0.0444

0.00R6

THETA

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.1
90.1
90.1
90.1
90,1
90.2
90.2
90.2
90.3
90.4
$n.5
90.6
90.9
9.4
92.8

THETA

90.0
90.0
90.0
90.0
90.0
90.0
9.0
%0.0
90.1
90.1
90.1
90.1
90.1
99.2
90.2
90.13
90.3
90,4
90.6
90.8
91.2
92.4
124,0

THETA

90.0
90.0
90,0
90.0
0.0
90.0
90.0
90.0
%0.1
90,1
90.1
90.1
90.1
90.2
90,2
90.2
90.3
90.4
90,5
9.7
8.1
92.2
119.1




TABLE

a/Re5.2

a/(v/e)y
0.0000
0,0500
0.1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5%00
0.5500
0.6000
0.6500

1.14514

a/ReS 4

a/(v/e)
0.0000
0.0500
0,1000
0.1500
0.2000
0.2500
0.3000
0.3500
0.4000
0.4500
0.5000
0.5500
0.6000
0.6500
0.7000
0.7500
0.8000
0.8500
0.9000
0.9500
1.0000
1.0500
1.1000
1.1500
1.1518

a/R=3.6
a(y/e)

HHHHH R

.= .—00000000000000000000
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1: (Concluded)

0.9242
0.8857
0.8467
0.8072
0.7674
0.7270
0.6862
0.6450
0.603)
0.5611
0.5184
0.4753
0.4317
0.3875
0.3429
0.2977
0.2520
0.2057
0.1%88
0.1114
0.0634
0.0147
0.0105

0.6862
0.6449
0.6032
0.5610
0.5183
0.4751
0.4314
0.3872
0.3426
0.2973
0.2516
0.2052
0.1583
0.1109
0.0628
0.0140
0.0104

s/Y
1.0000
0.9623
0.9242
0.883%6
0.8466
0.8072
0.767)
0.7269

THETA

180.0
180.0
180.0

180.0
180.0
180.0
180.0
180.0
163.8
134.7

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
134.7

THETA

180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
160.0
180.0
180.0
100.0
100.0
180.0
14,7

s/Y
~1.0000
~0.9622
~0.9238
~0.8850
-0.8457
~0.3058
~0.7655
~0,7247
~0.6833
=0.6414
~0.5991
~0.5561
~0.5127
~0.4686
~0,4240
-0.1789
~0.3331
~0.2868
=0.2398
~0.1922
~0.1439
~0.0949
~0.0451

0.0072

s/t
~1.0000
~0.9622
~0.9238
~0.8850
~0.8457
~0.8059
~0.7656
=0.7248
~0.6834
=0.6416
~0.5992
~0.5563
~0.5129
-0.4689
~0.4243
~0.3792
~0.3335
~0.2871
~0.2402
=0.1926
~0. 1444
-0.095%
~0.0458

0.0061

s/t
«1.0000
-0,.9622

THETA

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.1
90.1
90.)
90.1
90.1
90.2
90.2
90.3
90.3
90.4
90.6
91.0
91.9
115.5

THETA

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90,1
90.1
90.1
90.1
90.1
80.2
90,2
90,2
90.3
90.4
90.6
90.9
9.7
112.6

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.1
90.1
90.1
90.1
0.1
90.2
90.2
90.3
90.4

90.8
9.6
110.2

a/Re5,8
2/ (¥/E) s/Y
0.0000 1.0000
0.0500  0.9623
0.1000  0.9242
0. 1500 0.8836
0.2000  0.8466
0.2500 0.8072
0.3000 0.7622
0.3500  0.2269
0.4000  0.6860
0.4500  0,6447
0.5000  0.6029
0.5500  0,5607
0.6000  0,5186
0.6500  0.4747
0.7000  0.4310
0.7500 0,868
0.8000 0.3420
0.8500 0.2967
0.9000 0.2509
0.9500  0.2045
1.0000 0,157
1.0500  0.1099
1.1000  0.0617
1.1500 0.0128
1.1523 0.0103
a/R=6.0
A/ (Y/E) s/Y
0.0000 1.0000
0.0500 0.962)
0.1000  0.9242
0.1500  0.88%
0.2000  0.8466
0.2500  0.8071
0.3000  0.7672
0.3500  0.7268
0.4000  0.6860
0.4500  0.6446
0.5000  0.6029
0.5500 0.5606
0.6000  0.5178
0.6500  0.4746
0,7000  0.4308
0.7500  0.3866
0.8000  0,3418
0.8500  0.2964
0.9000  0.2506
0.9500  0,2041
1.0000 0.1571
1.0500  0,1095
1.1000  0.0612
1.1500  0.012)
1.1526  0.0073
a/ReINFINITY
M (Y/E) s/Y
0.0000 1.0000
0.0500  0.9623
0.1000 0.9241
0.1500  0.8854
0.2000 0.8462
0.2500  0.8066
0.3000 0.7665
0.3500  0.72%9
0.4000  0.6849
0.4500  0.6413
0.5000  0.6013
C.5500 0.5587
0.6000 0.5157
0.6500 0.4721
0.7000 0.4280
0.75%00 0.383)
0.8000 0.3381
0.8500 0.292)
0.9000 0.2439
0.9500  0.19%0
1,0000  0.1514
1.0500 0.1032
1.1000 0,054)
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